Individuals with HIV are at a higher risk of stroke compared to uninfected populations. The role of HIV-related immunosuppression in stroke mechanism is uncertain. Our aim is to test the hypothesis that stroke mechanisms among HIV+ individuals vary according to preceding CD4 counts. We carried out a retrospective chart review of inpatient admissions for ICD-9 defined ischemic events (TIA or stroke) in HIV+ individuals from 2002 to 2016 at a tertiary care center. Stroke mechanisms were ascertained based on radiographic and clinical presentation, and adjudicated by the treating team and confirmed separately by a vascular neurologist. Vascular risk factors, use of antiretroviral drugs (ARVs), nadir CD4 and current CD4 counts (cells/mm 3 ) were captured to build logistic regressions and generalized linear models to calculate the odds ratios (OR) and beta estimates with their respective 95% confidence intervals. We found that among 115 cases (median age 52, 64% men), stroke mechanisms were 22% due to large artery atherosclerosis (LAA), 17% small artery disease, 16% infectious, 8% cardioembolic, 21% cryptogenic, and 16% other etiologies. The median nadir CD4-count was 153 , and 312 (IQR 88-518) at the time of stroke, and 53% were on ARVs. LAA was more common with longer HIV infection (OR 1.1 per year, 1.0-1.2) and nadir CD4 counts <200 (OR 6.7, 1.4-31.9). Stroke due to LAA was associated with higher CD4 count the year prior to stroke (B = 0.009, P = 0.06 for the interaction) independent of CD4 nadir <200 (B = 1.88, P = 0.035). We concluded that in this sample, LAA was the most frequent stroke mechanism among HIV+ individuals with nadir CD4 < 200 but higher CD4 counts near the time of stroke. Determining the association between pre-stroke immune status and stroke mechanisms may allow a targeted approach to stroke prevention.
Introduction
Prior to the widespread use of effective combined antiretroviral therapy (cART), opportunistic infections and central nervous system neoplasias were often cited as stroke mechanisms (Levy, Bredesen, & Rosenblum, 1985; Morgello, Block, Price, & Petito, 1988) . After the introduction of cART, stroke mechanisms related to large artery atherosclerosis (LAA), small artery disease (SAD) and cardioembolism became more prevalent (Morgello, Mahboob, Yakoushina, Khan, & Hague, 2002; Ortiz, Koch, Romano, Forteza, & Rabinstein, 2007; Vinikoor et al., 2013) . For example, LAA and SAD account for only 30% of the strokes in study samples in which the majority of study subjects have CD4 counts < 200 cell/mm 3 but account for 76% of the strokes in study samples in which the majority has of subjects have CD4 counts >400 cell/mm 3 .
Stroke prevention depends on the stroke etiology (Esenwa & Gutierrez, 2015) . Consequently, it is important to move on from defining stroke as a homogenous outcome to focus on stroke subtypes pathophysiology. With this in mind, we explored the mechanisms of stroke in a sample of HIV+ patients to test the hypothesis that stroke etiology varies with the pre-stroke immunological status.
Methods
Patients 18 years and older were identified using validated ICD-9 codes for HIV (042 [Human Immunodeficiency Virus Diseases] and V08 [Asymptomatic Human Immunodeficiency Virus Infection) and stroke (435 [ischemia, cerebral, transient], 432 [hemorrhage, intracranial], 433.1 [embolism/thrombosis, carotid], 434 [embolism/thrombosis, cerebral], 436 [disease, cerebrovascular] ). The data collection was performed between January 1, 2002 and December 31, 2016. The study was approved by the local IRB, including reviewing medical notes and charts with identifiable patient information under the assurance that the identifiable data would not be disclosed and that it will be stored in encrypted local systems.
From each identified case we extracted age, sex, selfreported ethnicity, clinical characteristics and continuous measures related to vascular risks such as hemoglobin A1c %, low density lipoprotein (LDL) cholesterol and triglycerides levels preceding the stroke. We calculated the time of HIV infection as documented in the admission or consult notes. Nadir CD4, viral loads and CD4 counts up to the time of stroke were collected from the laboratory data or typed reports. For cART, we collected each medication individually and by class at the time of stroke.
Stroke ascertainment: The stroke mechanism was determined by the admitting team. Separately, a vascular neurologist carried out a detailed review of each case and extracted stroke related variables. Stroke mechanisms were classified as LAA (intra-or extracranial), SAD (penetrating artery infarct with no parent artery luminal irregularities), infectious, others (heterogeneous mechanisms not fitting the categories above), and cryptogenic (no identified etiology). We defined a stroke workup as "thorough" if the work included brain parenchymal imaging (brain CT or MRI), neck and brain arterial imaging, echocardiogram, blood tests (lipid panel, hemoglobin A1c, hypercoagulable tests [i.e., protein C & S activity, antiphospholipid antibodies, etc]) and lumbar puncture.
Statistical analyses
We used the variables reported in Tables 1 and 2 to construct logistic regression models. First, we assessed for collinearity between reported variables. Nadir CD4 counts correlate with CD4 prior to stroke (R = 0.60), so we categorized nadir CD4 to <200 versus >200 cell/ mm 3 and used CD4 count prior to stroke in increments of 50 to allow for larger point estimates. For vascular risk, we chose continuous versus categorical variables depending on which variable provided the best goodness of fit for LAA stroke defined by the change of −2 log. With the final variables, we ran multivariable logistic regression with backward and forward variable elimination to select the top 10 variables. Finally, we used a multilevel generalized linear model to test whether changes in CD4 counts near the time of stroke related differently to stroke mechanisms. A P value ≤ 0.05 was considered statistically significant with the exception of interactions, for which we tolerated a P value ≤ 0.10. The statistical analyses were carried out with SAS version 9.4.
Results
The sample characteristics are described in Tables 1 and 2. We identified 122 HIV+ patients admitted with stroke (115 ischemic events [103 ischemic strokes and 12 transient ischemic attacks] and 7 hemorrhagic events). Only patients with ischemic events were included in subsequent analyses. Of the 115 ischemic events, 26 (22%) were due to LAA (25 had intracranial LAA and one cervical LAA), 19 (17%) due to SAD, 18 (16%) due to infectious etiologies (six with bacterial endocarditis, five varicella zoster, two cryptoccocal , six due to cocaine use, two due to dissection, one due to sickle cell crisis, and one due to avastin use). Twenty-five patients (21%) had cryptogenic strokes, but among these, only three had a thorough workup. The median time of follow-up prior to stroke was 2 years (IQR 1-7, range 0-13). Cross-sectional associations were reported in Table 3 . Using longitudinal data on CD4 counts, we found a persistent association between nadir CD4 < 200 cells/mm 3 and higher CD4 count the year prior to stroke with LAA but not with SVD (Table 4 and supplementary data). The largest beta estimate for LAA was found among those that had nadir CD4 < 200 cells/mm 3 but CD4 > 400 cell/ mm 3 at the time of or immediately before stroke (B = 2.88 ± 0.87, P = 0.001) compared with those with nadir CD4 counts < 200 cells/mm 3 and CD4 < 200 cells/mm 3 at the time of stroke.
Discussion
The three most important stroke mechanisms in this HIV population were LAA, SAD and infectious etiologies. We found that a CD4 nadir <200 cells/mm 3 may relate to LAA. These results replicate a finding in a sample of autopsied brains in which pathologically defined LAA was more common with pre-mortem low nadir CD4 counts but higher CD4 counts at the time of death . Given that some previous findings have indicated that low CD4 nadir also relates to incident MI and ischemic cardiomyopathy (Silverberg, Leyden, Quesenberry, & Horberg, 2009) , it is possible that a low nadir CD4 increases the systemic arterial susceptibility to atherosclerosis beyond traditional vascular risks. It is worth noting, nonetheless, that dyslipidemia remained associated with LAA, thus highlighting the importance of aggressively managing traditional vascular risks in this population. The persistence of infectious etiologies in a cART era adds on to the argument that although cART is readily available, a significant proportion of the HIV population is unaware of the infection and/or do not use cART (Bradley et al., 2014) .
Lower CD4 nadir and higher CD4 count near death have been associated with brain arterial inflammation localized to the intima and closely related to the presence of atheroma (Gutierrez et al., 2016) . Similarly, a nadir CD4 count < 200 cells/mm 3 has been associated with faster progression of carotid artery intima-media thickening (Hsue et al., 2004) , a marker of atherosclerosis. We have argued before that it is possible that HIV proteins in the arterial wall may function as perpetual antigenic stimuli (Gutierrez, et al., 2016) , similarly to what has been reported in coronary arteries. (Eugenin et al., 2008) In this context, severe immunosuppression may favor seeding of the arteries with the virus itself or its proteins.
We also reported that SAD is more common in men and among those with Hepatitis C co-infection, and less common among patients with nadir CD4 count < 200 cells/mm 3 . Co-infections with Hepatitis C has been previously associated with SAD to a greater extent than HIV per se, and when compared to uninfected controls (Morgello, Murray, Van Der Elst, & Byrd, 2014) . Epidemiologically, there is evidence that hepatitis C is a risk factor for vascular events among those with HIV (Bedimo et al., 2010) , including coronary heart disease and stroke. Whether HIV accentuates this risk even further merits further analysis.
This report represents to date one of the largest case series of patients with stroke and HIV. We considered a strength of this report the effort to disclose the thoroughness of stroke workup, which evidently influences the final stroke mechanisms. In this context, it is possible that atrial fibrillation and opportunistic infections were underestimated in the absence of long term cardiac monitoring or lumbar puncture, particularly among those with "cryptogenic strokes". Stroke mechanism ascertainment is a probabilistic exercise and often there are conflicting or overlapping stroke etiologies. It is important, however, for clinicians to carry out a minimally acceptable workup for patients with HIV and stroke to assess for etiologies with specific treatments.
Summary
LAA was more common among individuals with HIV who had nadir CD4 counts <200 cells/mm 3 but who had higher CD4 counts one year prior to stroke. Strokes caused by infections were more common among those with immunosuppression. Preventing immunosuppression through early diagnosis and treatment of the HIV infection in addition to aggressive vascular risks control may impact the stroke disparity in HIV populations.
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